Background and Aims Esophageal food impaction (EFI) is a gastrointestinal emergency requiring immediate evaluation in the emergency room (ER) and an esophagogastroduodenoscopy (EGD) for disimpaction. EFI is also a distinct presenting feature of eosinophilic esophagitis (EoE). This study aimed at understanding the management of EFI among gastroenterologists (GIs) and estimated its impact on identification of EoE in USA. Methods GIs associated with three major gastroenterology societies based in USA were invited to participate in a web-based survey. Information on the resources available and utilized, and the clinical decision-making process related to management of EFI cases was collected and analyzed. Results Of 428 responses, 49% were from pediatric GIs, 86% practiced in the USA, and 78% practiced in an academic setting. Compared to the pediatric GIs, adult GIs were more likely to perform EGD in the emergency room )] and advance the food bolus into stomach [5.58 (3.08-10.12)]. Only 34% of respondents obtained esophageal biopsies during EGD, and pediatric GIs were more likely to obtain esophageal biopsies [3.49 (1.12-10.84)] compared to adult GIs. In USA, by our conservative estimates, 10,494 patients presenting to ER with EFI and at risk of EoE are likely being missed each year. Conclusions EFI management varies substantially among GIs associated with three major gastroenterology societies in USA. Based on their practice patterns, the GIs in USA are likely to miss numerous EoE patients presenting to ER with EFI. Our findings highlight the need for developing and disseminating evidence-based EFI management practice guidelines.
Introduction
Esophageal food impaction (EFI) is a common gastrointestinal emergency requiring immediate evaluation in an emergency room (ER). EFI has been reported across a spectrum of ages and with a global distribution [1, 2] .
Management of EFI frequently involves an urgent flexible
Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1062 0-018-4972-0) contains supplementary material, which is available to authorized users. esophagogastroduodenoscopy (EGD) commonly performed by a gastroenterologist (GI) to relieve the impacted food bolus [3] . EFI is increasingly being recognized as a distinct presenting feature of eosinophilic esophagitis (EoE), and up to half of those requiring EGD for disimpaction may have EoE [4] [5] [6] . Therefore, EFI patients presenting to ERs and requiring EGD for disimpaction of food bolus offer a unique opportunity to identify potentially undetected latent EoE. EoE is an increasingly prevalent, clinicopathological condition affecting the esophagus and has been reported in all age groups. It is clinically characterized by symptoms of esophageal dysfunction and is supported by histologic evidence of an intense eosinophilic inflammation in the esophageal epithelium that persists after an adequate proton-pump inhibitor (PPI) trial [7] [8] [9] .
There are minimal data and guidelines for management of EFIs, particularly in the context of identifying underlying esophageal mucosal diseases such as EoE. A recently published systematic review and meta-analysis examining the management of EFI and the association between EFI and EoE reported substantial variability in the management of EFI presenting to ERs [10] . In this study, the rate of esophageal biopsies obtained from patients presenting with EFI and undergoing EGD for disimpaction of food bolus was 54% [95% confidence interval (95% CI) 40-68%], and the rate of EoE-attributable EFI among those who were biopsied was 54% (43-65%). However, the data on practice patterns for the management of EFI are limited, and the impact of practice patterns on identification of latent EoE among individuals presenting to ER with EFI and requiring EGD has not been approximated.
The aims of this study were (1) to investigate the realworld management of EFI presenting to an ER by GIs, and (2) based on our survey data and the existing literature, to estimate the number of potentially missed EoE cases in the USA. We hypothesized that there would be substantial variability in practice among GIs managing EFI resulting in considerable number of missed latent EoE cases in the USA.
Methods

Designing the Survey
After a comprehensive review of the EFI literature published in PubMed, EMBASE, and Scopus, existing guidelines to manage EFIs [3, 11, 12] , and current consensus recommendations to identify and monitor EoE [13, 14] , we developed a REDCap [15] survey consisting of 23 questions (Supplementary Appendix 1). The survey underwent multiple iterations of review and refinement by the authors comprised of a group of pediatric GIs (GH, SKG, and SA) and adult GIs (MFV, ESD) with expertise in esophageal disorders, EoE, and survey design. The survey assessed resource availability and utilization [e.g., availability of surgery, ear, nose, and throat (ENT), and radiology services, radiology tests, location of EFI removal, time to EGD, support staff during EFI removal] and the clinical decision-making process (e.g., pharmacologic and non-pharmacologic interventions, removal devices utilized, esophageal mucosal biopsies obtained, immediate and long-term care post-EFI removal) influencing their EFI management approach. Data were collected without any personal identifiers. The questionnaire was designed to take less than 10 minutes to complete.
Survey Distribution and Data Collection
The REDCap survey was distributed via electronic mail messages to the international community of pediatric and adult GIs accessible through the Pediatric Gastroenterology Bulletin board, the American Gastroenterological Association Online Community Forum, and to the program directors of gastroenterology fellowship programs listed on the American College of Gastroenterology Web site (who were asked to forward the survey to all faculty and trainees). Participation in this study was voluntary, and participants provided online consent. Electronic mail reminders were sent every 2 weeks for a total of 3 reminders, resulting in a data collection period of 8 weeks from September 2016 to October 2016. Survey responses were stored securely on the Vanderbilt University Medical Center server. The Institutional Review Board at Vanderbilt University (protocol # 161483) approved this study.
Statistical Analysis
Data were exported to Stata version 14.0 (StataCorp, College Station, TX) for analyses. Descriptive statistics including counts and percentages [n (%)] for categorical variables, and means and standard deviations mean ± SD or medians and interquartile range [median (IQR)] for continuous variables were calculated.
Logistic regression was used to estimate unadjusted odds ratios (OR) with 95% CI for the probability of a response based on independent variables. Multivariate logistic regression was used to estimate adjusted odds ratio (aOR) with 95% CI for independent predictors of differences in practice patterns by (1) sub-specialty training (pediatric GIs vs. adult GIs), (2) practice setting (academic vs. private), or (3) location of practice (USA vs. non-USA), after adjusting for potential confounders such as the duration of practice and the estimated number of EFIs managed per year. Knowing that in an academic setting, GI trainees work closely with their attendings during the training period and that their practice is considerably informed by their attendings practice, we combined the trainee and attending data in our analyses.
In order to estimate the number of potentially missed EoE cases in the USA, we primarily relied on our survey data and when the data were not available from the survey we used information from the published literature. First, we used the American Board of Pediatrics and American Board of Internal Medicine data to obtain the number of pediatric (1372) and adult GIs (15, 693) in the USA. The analysis was restricted to pediatric GI or adult GI to avoid counting patients managed by both pediatric and adult GIs twice. We calculated the median (IQR) EFIs/year managed by pediatric GI and adult GI in the USA and the estimated number of EFI's requiring EGD, knowing that between 68 and 92% of EFI patients presenting to ER require EGD [10, 16, 17] . Thereupon, using the meta-analysis finding that 54% (95% CI 43-65%) of patients presenting to ER and undergoing EGD for EFI have EoE [10] , we calculated a conservative estimate of EoE-attributable EFIs/year in the USA. Next, we calculated the proportion (95% CI) of GIs who do not routinely obtain esophageal biopsies during EFI removal (from question number 10 in our survey) and used it to estimate the median (IQR) number of EoE-attributable EFIs missed per year in USA.
Finally, in order to explore gaps within the broad categories of respondents, we grouped participants in our survey as those likely to adhere or not likely to adhere to the conceptual "best practices" for management of EFI patients. We defined the "best practice" as a combination of obtaining esophageal biopsies at the time of EGD for EFI removal irrespective of the mucosal appearance, initiating regular dose or high-dose PPI therapy after EFI removal for cases of suspected EoE, scheduling a clinical follow-up, and scheduling a follow-up EGD. Statistical significance was determined at the P value (two-sided) of ≤ 0.05.
Results
Respondent Characteristics
A total of 448 responses were received of which 428 (96%) were complete ( Table 1 ). The number of pediatric GIs [210 (49%)] and adult GIs [200 (47%)] was comparable. Most of the respondents [334 (78%)] were practicing in an academic setting, with a quarter of whom being trainees. A significantly higher proportion of respondents practiced in the USA compared to those practicing in non-US countries (86 vs. 11%; P < 0.05). The average duration of practice post-fellowship training for GIs practicing in academic (excluding the trainees) and private practice setting was 15.71 ± 11.60 years, and the median (IQR) number of EFIs managed by them per year was 10 (6-14).
Practice Patterns for EFI
In all, 101 (23%) of the respondents reported using services of radiology, and chest X-ray [254 (42%)] was the most common radiologic test used to evaluate the EFI patient at presentation to the ER, and 91 (21%) respondents reported using an esophagogram (Table 2) . Two hundred and thirteen (48%) indicated that they had access to an endoscopy nurse at the time of EGD. The proportion of GIs performing endoscopic EFI removal in a GI laboratory [260 (59%)] or in an operating room [240 (55%)] was similar. Over half of the respondents [230 (52%)] used smooth muscle relaxants (e.g., glucagon) as a pharmacologic intervention to potentially relieve the EFI. The estimated time from presentation of an EFI patient to the ER to the start of EGD to relieve . Only 8 (2%) of respondents reported that they routinely followed EFI patients, 37 (8%) indicated that they followed EFI patients only if mucosal abnormalities were observed during endoscopy, and 74 (17%) followed if the esophageal biopsies were abnormal [74 (17%)]. A total of 176 respondents (41%) indicated that they routinely perform a follow-up EGD. 
Impact of Sub-specialty Training
Impact of Country of Practice
Compared to GIs practicing outside USA, US-based GIs were less likely to utilize ENT services for EFI removal 
Impact of Practice Setting
GIs in private practice were less likely to use ENT services [0.34 (0.14-0.84)] and were more likely to have GI a Mean ± SD Material Table 2 ).
Adherence to "Best Practice"
Only one in three [145 (33%)] respondents adhered to our conceptual "best practice" (Fig. 1) . The pediatric GIs were likely to be twofold compliant compared to adult GIs [1.99 (1.23-3.22)] after adjusting for practice setting, location of a Association between adult gastroenterologists and pediatric gastroenterologists after adjusting for practice setting, location of practice, duration of practice, and estimated number of EFIs managed per year b Association between gastroenterologists practicing in USA and those practicing outside USA after adjusting for sub-specialty training, practice setting, duration of practice, and estimated number of EFIs managed per year c Association between gastroenterologists in private practice and gastroenterologists practicing in academic setting after adjusting for sub-specialty training, location of practice, duration of practice, and estimated number of EFIs managed per year d Two-sided P value ≤ 0.05 practice, region within the USA, duration of practice, and estimated number of EFI's managed per year. No other significant differences were noted between those who did and did not adhere to our conceptual "best practices."
Discussion
Esophageal malformations, strictures, surgery, dysmotility, EoE, lymphocytic esophagitis, injury, and external compression are known risk factors for EFI [2, 18] . The management of EFI in individuals with one or more of the risk factors can vary based on the complex analysis of patient's condition and available therapeutic options. In order to assess EFI practices regardless of risk factors, we considered a scenario wherein the patient presenting to ER with EFI did not have any of the known risk factors. Our result suggests that there is substantial variability in the management of EFIs among GIs affiliated with three US-based gastroenterology societies. These differences are related to the available resources, sub-specialty training, practice setting, and practice location. The 2011 American Society for Gastrointestinal Endoscopy (ASGE) guidelines serve as an educational instrument for management of patients with ingested foreign bodies and food impaction [3] . However, factors related to patient's clinical condition and those related to the resources available guide a GIs course of action, and this might vary from the recommended guidelines. In our survey, despite esophageal narrowing being one of the primary contributors to EFI [19] , only 21% of respondents reported that they would obtain an upper GI series for evaluation after EFI. The adult GIs reported commonly performing EFI removal in the ER, whereas pediatric GIs were more likely to perform EFI removal in an operating room. Adult GIs also indicated relatively more reliance on using pharmacologic and non-pharmacologic interventions to relieve the impacted food bolus prior to performing endoscopy compared to the pediatric GIs. While the ASGE guidelines advocate against advancing the bolus into stomach without first examining esophagus distal to obstruction by passing the endoscope around the food bolus, in our survey the majority of adult GIs indicated that they favor pushing the impacted food bolus distally, whereas pediatric GIs preferred to retrieve the impacted food bolus.
EoE has emerged as a dominant cause of dysphagia and EFI, especially in teenagers and adults [20, 21] . Certain gross esophageal endoscopic features such as rings, linear furrows, and narrowing raise suspicion for EoE; however, these findings are neither universal nor diagnostic [22] . Therefore, the current recommendations advocate obtaining multiple esophageal mucosal biopsies safely and irrespective of endoscopic appearance of the esophagus for histologic confirmation EoE [13] . We found that esophageal biopsies were not routinely obtained during EGD for EFI, and this is consistent with recently published reports [23] . Nearly two thirds of responders indicated that they would either obtain esophageal mucosal biopsies only if they observed abnormal endoscopic features during the EFI removal or would not obtain esophageal biopsies at all. In our estimation, this translated into potentially missing a considerable number of EoE-attributable EFI patients suggesting that the occurrence of EoE in EFI patients might be substantially underestimated.
At present, recommendations related to immediate and long-term care following EFI removal are unclear. In our study, pediatric GIs were more likely than adult GIs to initiate topical steroids (inhaled/swallowed) after EFI removal. While topical steroids have been shown to be effective in therapeutic management of EoE and may reduce the risk of recurrent EFIs, the implications of initiating topical steroids Fig. 1 Characteristics of respondents adherent or nonadherent to the conceptual "best practice" for EFI management. *P value < 0.05 immediately after EFI removal and prior to establishing the diagnosis of EoE have not been well examined. It could be reasonably contended that an EFI patient with concerns for EoE should be initiated on PPI therapy prior to being reassessed for EoE or proton-pump inhibitor therapy responsive esophageal eosinophilia (PPI-REE). A large majority (72%) of respondents indicated that they do not routinely follow their EFI patients, and only one in three respondents adhered to our conceptual definition of "best practice." These observations underscore potential missed opportunities to detect EoE in this high-risk population and may represent a non-trivial proportion of the currently diagnosed EoE cases as per the prevalence estimates [24] . The practice variability was also observed between GIs practicing within and outside of the USA and between GIs practicing in an academic setting and those in private practice. Most of the variability in these two subgroups was related to resource availability and utilization. However, the clinical decision making by these subgroups was comparable except for differences in their use of pharmacologic and non-pharmacologic interventions.
This study has limitations. The first is the generalizability of our results. Our results cannot be extended past a small sample of GIs who participated in the survey. Additionally, it cannot be generalized across GI sub-specialists as the adult GIs were underrepresented. We used a web-based approach and leveraged electronic mail to enroll participants. While this recruitment approach afforded us a distinct advantage of reaching out to a diverse and dispersed group of GIs, it is possible that the same approach also may have introduced selection bias as engaging GIs in an online survey could selectively represent practitioners who seek out online forums and web-based support. Additionally, their reporting could have been influenced by clustering of responses based on management patterns by practice settings, institutions, regions, or country of practice. As a result, their responses may not be an accurate reflection of their own practice patterns. While the anonymity of participating in online surveys and self-reporting can be an asset for eliciting practice-related information, it did not allow us to confirm the demographic data provided by respondents. This approach is also susceptible to the Hawthorne effect in which responders might have artificially altered their response (or practice preferences) knowing that they are part of a survey [25] . Lastly, we tested multiple associations and by chance alone some of the associations may be false. Despite these limitations, this study has addressed an important and clinically relevant question and has several strengths such as use of electronic media to disseminate the survey questionnaire to address a clinically relevant question with significant impact on clinical gastrointestinal practice, participation from GIs practicing in the USA and outside of USA, robust methodology, and a rigorous analytical approach.
In conclusion, this study highlights substantial variability among GIs managing EFIs. While this variability could reflect practical or real-world approaches to manage EFIs, it may also speak to a need for effectively disseminating existing guidelines. Future studies are warranted to explore the basis for the variability in management of EFIs. Finally, there is an unmet need to develop practice guidelines to optimize our ability to identify EoE in patients presenting to ER with EFI, and our conceptual "best practice" could potentially lay the foundation.
